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Abstract  
In order to develop and establish an effective method for extraction of total genomic DNA from anaerobic digestion 
sludge, the DNA extraction methods consisted of enzymatic-disruption method, physical–chemical method, and Mp-
Bio method were used to extract DNA from anaerobic digestion sludge samples and compared with in terms of the 
efficient cell lysis, DNA yield, purity and molecular analyses. The results showed that total genome DNA could be 
extracted from anaerobic digestion sludge by all the three methods. However, the enzymatic method had better DNA 
yields, cell lysis efficiency and lower humic acids and expensive than other DNA extraction methods. Total DNA 
was purified by spin-bind cartridge after being precipitated by PEG8000, the humic acids content was reduced by 
96% during the purification steps, and the DNA recovery efficiencies were high and similar each other, which were 
about 88%. A eubacterial 16S rRNA gene-targeted primer pair was used for PCR polymerase chain reaction to 
amplify a region of the 16S rRNA to check the purity of the purified sample. Results indicated that nearly full length 
16S rDNAs were amplified from all the purified DNA samples, and all the amplification products could be digested 
by the restriction enzymes HhaI and HaeIII. All of these above indicated that the enzymatic-disruption method is the 
best method to obtained genome DNA from anaerobic digestion sludge. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Anaerobic digestion of organic wastes and by-products from agriculture and the food industry to 
produce CO2 and CH4 and the utilisation of the produced biogas as an alternative energy source are 
common solutions for decentralized waste management [1]. A typical anaerobic digestion can be divided 
into three steps: hydrolysis, acetogenesis and methanogenesis. Microbial community responsible for the 
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conversion process comprises of functional groups which represent different trophic levels [2]. Therefore, 
it is necessary to gain a more complete understanding the microbial community structure in anaerobic 
digestion process with biological technology. In recent years, the applications of molecular techniques 
have provided a perfect means to monitor organisms or particular genes directly from environmental 
samples [3-4]. However, the validity and robustness of the results obtained from such molecular 
techniques depend on the high-quality and high-yield genomic DNA, and the DNA extraction method 
must also be efficient and inexpensive [5]. DNA extraction techniques have come a long way since they 
were initially described and most of them follow the same basic steps. They include the use of organic 
and nonorganic reagents, centrifugation methods and a variety of commercially available kits [6]. A large 
number of methods for the extraction and purification of total community DNA from environmental 
samples have been published with respect to compost [7], soil [8] and sediment [9]. However, the relative 
effectiveness of extraction and purification methods for isolating anaerobic sludge DNA of sufficient 
purity for PCR amplification has not been examined. Also, potential bias introduced by different 
extraction protocols has not been investigated. 
In this study, total DNA was extracted from anaerobic digestion sludge by three different methods 
including enzymatic-disruption method, physical–chemical combination method, and commercial kit 
method. Three DNA extraction methods and the purification procedure were evaluated on the base of 
total DNA yield, DNA purity, DNA recovery, humic acids concentration, molecular analyses, time and 
cost. Thus an optimized method was developed and established to obtain high-quality and high-quantity 
genomic DNA from the anaerobic digestion sludge. 
2. Materials and Methods 
2.1. Sample and pretreatment 
The sludge samples were collected from the anaerobic the anaerobic completely stirred tank reactor 
[10]. The pretreatment steps were included in order to remove potential PCR-interfering materials from 
the anaerobic digestion sludge. Equal weights (1 g) of sample were washed three times by shaking for 10 
min at 180 rpm at room temperature on an orbital shaker with 4ml phosphate buffer (0.12 moll−1, pH=8) 
[11] in the polypropylene tubes, and centrifuging for 5 min at 8,000×g. 
2.2. DNA extraction 
Enzymatic-disruption method: exactly 500mg of pretreated samples containing the extracted cells 
were resuspended in 1.5ml extraction Buffer (50μM Tris–HCl; 50μM ethylenediamine tetraacetic acid 
[EDTA]; 1.5M NaCl, pH=8) and 20μl snailase solution (20mg/ml, Sigma-Aldrich, Germany). After 
briefly vortexing for 5 min, the mixtures were incubated at 37°C water bath for 1h. Then, 100μl of 10% 
sodium dodecyl sulfate (SDS) was added to the tubes, the samples were again vortexed and then 
incubated 65ć water bath for 1-2 h gentle end-over-end inversions every 15–20 min. After this, twenty 
microliters of lysozyme (50mg/ml) and 10μl of proteinase K (10mg/ml) were added before incubation at 
37ć for 30 min. The supernatants were collected after centrifugation at 10,000×g for 5 min at room 
temperature and transferred to fresh micro-centrifuge tubes, the pellets were washed with 1.5ml sterile 
deionized water followed by centrifugation for 5 min (10,000×g). Both supernatants were put together, 
combined and mixed enough with an equal volume of chloroform/isoamyl alcohol (24:1, vol/vol) with 
gentle shaking. The aqueous phase containing the community DNA was transferred to another sterile 
micro-centrifuge tubes after centrifugation (12,000×g, 5 min), and then precipitated from the extracted 
aqueous layer with 0.6 volume of isopropanol for 30 min at 4°C and centrifuged 10 min with 12,000×g. 
The precipitated crude DNA was washed twice with 0.7 ml ice-cold 70% ethanol and air dried at room 
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temperature before resuspended in 200μl of TE buffer (10mM Tris–HCl, 1mM sodium EDTA, pH=8). 
Physical–chemical method: exactly 500mg of pretreated samples were added to a 10-ml sterilized 
centrifugal tube containing 250 mg of zirconia/silica beads (1.0, 0.5 and 0.1 mm; Biospec Products, USA) 
and were mixed with 1ml phosphate buffer (0.1mM, pH=8), 1ml lysis buffer (10% SDS, 0.1mM NaCl, 
0.5 mM Tris–HCl, pH=8), 1 ml chloroform/isoamyl alcohol (24:1). The mixtures were homogenized at 
2,800 rpm for 10 min, and the remainder of the extraction protocol was continued as described for 
enzymatic-disruption method from line130. 
Mp-Bio method: the FastDNA® Spin Kit for Soil⧊Mp-bio Laboratories, USA⧋was used to extract 
DNA of pretreated samples carried out from the anaerobic digester according to the protocol described by 
manufacturers. 
A negative control extraction experiment was performed without sample following each protocol 
described above. 
2.3. Nucleic acid purification and recovery 
Crude DNA extracts were purified to facilitate molecular analysis. The crude DNA preparations were 
precipitated from cell lysate by adding 0.5 volumes of 50% (w/v) PEG 8000 and 0.1 volumes of 5 M 
NaCl. The samples were mixed gently by inverting and were incubated for at least 4h at 4°C. Then, the 
precipitated DNA was pipetted slowly onto the top center of a SpinBind DNA column (Axygen Scientific, 
USA) for purification. The column was centrifuged for 1 min at 12,000×g and the pellet was washed 
twice with 0.7 ml ice-cold 70% ethanol. And then, 80μl heat TE buffer (65ć) was added to the top center 
of column, placed for 2 min in room temperature, and centrifuged 2 min at 10,000×g. The purified DNA 
was stored in −20°C for future use. Each purification protocol was carried out in triplicate. 
2.4. Humic acids and DNA concentration measurements 
A standard curve was created by making serial dilutions (0.1-100ng/μl) of commercial humic acids 
mixture (Aldrich Chemical, Milwaukee, WI, USA). Humus contamination was assessed by comparing 
directly the absorbance of each extract at 340 nm [12]. The quality and quantity of genomic DNA 
extracted from the anaerobic digestion sludge samples using three different methods were performed 
using the Thermo Scientific NanoDrop TM 1000 Spectrophotometer (Thermo Fisher Scientific Inc, 
Wilmington, DE, USA). Samples were measured in duplicate and the average result was used for 
comparisons. Results for DNA quality (260/280 nm ratio and absorbance spectrum) and concentration 
(measured in μg/g) were compared for each individual sample and using the average of all samples from 
each method A260/A230 ratios. The F test was carried out to analyze the variance of DNA yields that 
were extracted by the different methods. 
2.5. Cell counts and lysis efficiency determination 
Total cell counts and cell lysis efficiencies for pretreated samples were determined using either Zeiss 
Imager A1 epifluorescence microscope (Zeiss, Jena, Germany). The LSM-10 was configured so that a 
single field of view can be examined by conventional transmitted and epifluorescence illumination. 
Microscope was fitted with ×100 oil immersion objective lenses with numerical apertures of 1.3 or 1.4. 
An acridine orange direct count agar-smear procedure was used to assess the extent of lysis of the 
endospores and enumerate the total number of cells in the intact compost samples. Dried smears were 
stained with 0.01% acridine orange and examined with epifluorescence microscope [13]. The average 
count and standard deviation were computed as described by Yi [14]. Cell lysis efficiencies (%) for each 
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method were calculated in relation to total counts observed for each sample. 
2.6. PCR amplification and restriction enzyme digestion 
The region corresponding to positions 27F and 1492R in the 16S rDNA of Escherichia coli was PCR-
amplified using the forward primer 27F (5′-AGA GTT TGA TCC TGG CTCAG-3′) and 1492r⧊5′-TAC 
CTT GTT ACGACT T-3′⧋[15]. The RFLP analysis was conducted as described by Guo et al [15]. 
3. Results  
3.1. Comparison of yield, recovery efficiency and fragment size of DNA 
The quantitative characteristics of the crude DNA and purified DNA obtained with different methods 
from the anaerobic digestion sludge are shown in Table 1. M1 yielded the most amount of crude DNA 
while M3 yielded the least amount of DNA, the same result was obtained compared to purified DNA. 
However, there were little difference on DNA recovery for the three methods, and this purification 
method was efficient on DNA recovery with DNA recovery efficiencies of (87.16±0.12), (87.78±0.32), 
and (89.62±0.14) percent for methods enzymatic-disruption, physical–chemical, and Mp-Bio, 
respectively.  
                    Table 1. Amounts of crude and purified DNA from anaerobic digestion sludge and efficiency of DNA recovery with different 
methods. 
Metho
d 
Crude DNA 
yield 
(μg DNA g−1)a 
Purified DNA 
yield 
(μg DNA g−1) 
DNA 
recovery 
efficiency 
(%)b 
Before lysis  
(×109 cells 
g−1) 
After lysis  
(×108cells g−1) 
The efficiency 
of cell lysis 
(%) 
M1 55.86±0.13 c 48.69±0.11 87.16±0.12 7.53±0.81 2.47±0.22 96.71 
M2 48.29±3.15 42.39±2.02 87.78±0.32 7.84±0.92 8.12±0.18 89.64 
M3 39.42±2.71 35.33±1.86 89.62±0.14 7.26±0.88 7.49±0.23 89.68 
        a Wet weight 
        b The efficiency of the purified DNA compared to the crude DNA 
        c Data are represented in mean ± standard error (n = 3) 
 
For each method tested, the presence of crude DNA extracted from anaerobic digestion sludge was 
analysed after electrophoresis and being stained with ethidium bromide (Fig.1). The visualization 
indicated that all of crude DNA obtained from different methods had a length of about 23kb. The 
intensity of bands was also in positive correlation to each corresponding DNA yield. 
3.2. Cell lysis efficiency determination 
Direct microscopic counts of three methods showed that the cell lysis efficiency of M1 was the 
highest, reached at 96.71% (Table 1). However, M2 and M3 were very similar with regards to their lysis 
efficiencies which were about 87%, showing no significant difference between M2 and M3 with respect 
to lysis efficiencies across anaerobic digestion sludge. 
3.3. Comparison of purity and humus contamination of DNA 
The purities of the crude DNA obtained with three different extraction methods and the same purified 
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method were assessed by the F tests (Table 2). As showed in Table 2, the data demonstrated that only 
enzymatic-disruption method could provide a relatively high quality of purified DNA extracts, which was 
evidenced by the better A260/A280 nm ratio (1.76±0.02), showed the purification yielded very pure DNA. 
However, the A260/A230 ratios of purified DNA extract were in the range of 0.79±0.03 to 0.88±0.04, 
indicating that there were some potential contamination such as chaotropic salts in the purified DNA.  
 
 
 
Fig. 1. Agarose gel electrophoresis of total DNA isloated from anaerobic digestion sludge. Lane M: Marker DL 2,000; Lane 1: 
crude DNA extracted by M3; Lane 2: crude DNA extracted by M2; Lane 3: crude DNA extracted by M1. 
Table 2. The purity of crude DNA and purified DNA extracted using different extraction methods. 
Method Crude DNA 
A260/A280 
Crude DNA 
A260/A230 
Purified DNA 
A260/A280 
Purified DNA 
A260/A230 
M1 1.44±0.06 0.77±0.03 1.76±0.02 0.88±0.04 
M2 1.28±0.07 0.82±0.05 1.57±0.05 0.79±0.03 
M3 1.38±0.02 0.74±0.02 1.63±0.04 0.80±0.04 
 
Humus contaminations were quantified by the method of absorbance at 340 nm on a UV 
spectrophotometer (Table 3). The data was shown that the content of total humic acids in purified DNA 
extracted with enzymatic-disruption method was the lowest. The statistical analysis using F test showed 
that the efficiency of purification for humic acids removal obtained with same purification method based 
on the three different DNA extraction methods were not significantly different (P value = 0.11). The 
purification for humic acids removal was of high efficiency which was exceeded 96%.  
Table 3. Spectrophotometry measures of humic acids in crude or purified DNA extracted from anaerobic digestion sludge samples 
using three different extraction methods. 
Method Crude  
DNA A340 
Purified 
DNA A340 
Total humic acids in 
crude DNA (ng μl-1) 
Total humic acids in 
purified DNA (ng μl-1) 
Efficiency of purification 
for humic acids removal 
(%) 
M1 1.30±0.05 0.21±0.02 69.52±1.60 13.28±0.09 97.54±0.28 
M2 2.5±0.02 0.17±0.03 91.31±1.02 19.25±0.11 96.87±0.31 
M3 1.96±0.03 0.23±0.02 73.26±2.08 15.78±0.08 96.72±0.22 
3.4. PCR amplification and restriction enzyme digestion 
Fig. 2 shows the gel profile of the successful PCR amplification of 16S rDNA, in all cases, consistent 
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with the expected PCR products of 1,465bp in size. Although DNA preparations from Method 2 had the 
lowest absorbance at 340 nm, which was 0.17±0.03, the PCR amplifiable-sensitivity by means of this 
method was the almost equal to that of other two methods. This disparity indicated that some PCR-
inhibitory contaminants in DNA preparations are not necessarily related to the presence of humic 
compounds, which further demonstrated the complexity of the samples of anaerobic digestion sludge. 
 
 
Fig. 2. PCR amplification results of bacterial 16S rRNA gene by primer pair 27F and 1492R. Lane M: Marker DL 2,000; Lane 1: 
amplified with the DNA extracted by M1; Lane 2: amplified with the DNA extracted by M2; Lane 3: amplified with the 
DNA extracted by M3; Lane 4: control no template DNA. 
Fig. 3 indicates that the PCR products, which were amplified from different 16SrRNA clone libraries 
that obtained with different methods, can be digested by Hha I and HaeIII. The different restriction 
fragment length polymorphisms (RFLP) of PCR amplified 16S rDNA are shown in Fig. 3. 
 
 
Fig. 3. RFLP electrophoregram of partial bacterial 16S rRNA gene. Lanes in A: M, Marker DL 2,000; 1, PCR products from M1 
digested with HhaI; 2, PCR products from M2 digested with HhaI; 3, PCR products from M3 digested with HhaI; Lanes in 
B: M, Marker DL 2,000; 1, PCR products from M1 digested with Haeċ; 2, PCR products from M2 digested with Haeċ; 3, 
PCR products from M3 digested with Haeċ. 
4. Discussion 
The extraction of DNA from sludge samples in anaerobic digesters has rarely been studied or 
optimized, so there is a lack of standardized methods. Nonetheless, there are a number of advantages and 
disadvantages to each one of the available choices and they must be considered before choosing a 
particular technique. Therefore, a suitable DNA extraction method was well established from the samples 
in anaerobic digestion of sludge.  
Cell lysis was employed for the evaluation the effectiveness of DNA extraction, playing a prerequisite 
role in DNA yield and effective recovery of DNA. Enzymatic disruption method has the highest cell lysis, 
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which achieved 96.71%. The cell lysis efficiencies of the other methods were similar to each other (87%), 
but higher than the value of 81% obtained by Miller [16] using as material. This result can be explained 
that physical–chemical combination methods are also probably used similarly in kits or other kits for soils. 
Our results supported the results of previous study in which the inclusion of the enzymatic disruption 
method is effective for increasing the yield of DNA [11]. 
In this study, DNA yields were found to vary depending on the method used. The DNA yield obtained 
by enzymatic method was the highest among the three methods, and the yields were higher than other 
DNA yields from environmental samples that had been reported in literature [12]. The reason might be 
that the enzymes could meet cells better in the lysis buffer [8]. 
In purification step, the DNA recovery efficiencies with the same purification method after the three 
different crude extraction methods were high and similar each other, which were about 88%. PEG8000 
precipitation of DNA, compared with isopropanol and ethanol precipitation, may account for lower humic 
acid contamination [12]. Additionally, the spin-bind cartridge had a strong ability to distinctively adsorb 
DNA while the crude DNA solution was centrifugated so as to yield very pure DNA. Spin columns 
packed with various matrices have been widely used in purifying many environmental samples [8]. 
Although about 12% of crude DNA was lost during purification, a majority of the humic acids were 
also removed, and there was no obvious decrease in DNA yield compared with other reports [11]. The 
purity (the A260/A280 ratio) and the efficiency of purification for humic acids removal contrasts between 
pre- and post-purified DNA preparations from each method showed that the best purification efficiency 
was obtained according the M1 DNA extraction method and PEG8000 precipitation and spin-bind 
cartridge elution. 
Additionally, in this study, it was found that choice of the three different DNA extraction methods had 
no obvious influence on further molecular biological analysis as measured by PCR amplification and 
restriction enzyme digestion analysis. Different RFLP types had been obtained indicating that the DNA 
extracted by different methods could be used for molecular analysis. As far as we know, this is the first 
time that an exhaustive study has been performed to test the most suitable methods for the extraction of 
DNA from anaerobic digesters. The results of this study suggested that total genome DNA can be 
extracted using three different methods from the anaerobic digestion sludge. However, enzymatic-
disruption method is the best DNA extraction method for anaerobic digestion sludge according to the 
evaluation of cell lysis, DNA yield, purity, molecular analyses, and time. So enzymatic-disruption method 
was the best choice to extract total microbial genome DNA from anaerobic digestion sludge without using 
any special equipment and expensive spending. 
5. Conclusions 
     Three DNA extraction methods were used to extract DNA from anaerobic digestion sludge samples. 
The enzymatic method had better DNA yields, cell lysis efficiency and lower humic acids and expensive 
than other DNA extraction methods. Nearly full length 16S rDNAs were amplified from all the purified 
DNA samples, and all the amplification products could be digested by the restriction enzymes HhaI and 
HaeIII. All of these above indicated that the enzymatic-disruption method is the best method to obtained 
genome DNA from anaerobic digestion sludge. 
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